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1. INTRODUCTION.

""Since Pederson reported the synthesis and cation-complexing characteristics of the crown

.:hers in 19671-. there has been increasing interest in theze compounds as complexing agents for

various metal and organic cations. Many different modifications of the crowns nxave been made tu

enhance their cation-complexing properties. Some of th6se modifications involve the use of

alkyl substituents, aromatic subcyclic linits, nitrogen and/or sulfur atoms substituted for

oxygen in the macroring and other changes which provide crowns with unique complexing proper-

ties.. A compilation Gf cation complexing properties of the crown ethers has been published.
2

S-:Macrocyclic crown ether ligands cont'ining proton-ionizable groups are of interest because

Dedicated to the memory of Professor Tetauji Kamotani.

A



they alleviate the need for a counter anion in metal cation transport through a liquid noMbrane

or in solvent extraction experiments. Often the cation-crown complex stability is increased

when the crown is ionized.'3 Transport of cations is. in many cases, alzo tied to the pH of the

aqueous solutions in the liquid membrane system so that transport of cations can, in effect, be

turned on and off by adjusting the pH.'46 Proton-ionizable crown 1igands have also been u3ed

spectrophotometrically to determine parts per million quantitiis of alkali and alkaline earth

metal cations in solution.7"2/ Having macrocycles which show selectivity in complexation and

transport of cations is also an objective in the syntheses of these types of crown ligandi$43;L-

This short review summarizes the syntheses of proton-ionizable crown ether ligands (PICE) to the

end of 1988, gives a listing of these compounds and briefly reoorrs on some of their uses.

2. CROWN ETHERS CONTAINING A PROTON- 1ONIZ&BIX PENDANT ARM.

The modification of the basic crown other ring structure by attaching a pendant ionizable

group is designed to improve solvent extraction and transport of metal cations across bulk

liquid and liquid surfactant membra.•es. 1 7 , 1 9  This is done by using the ionized crown ligand as

the anion thereby alleviating the need to co-transport hard anions such as chloride, nitrate,

and sulfate.

Bartsch ind his coworkers have synthesized a number of crown ethers of various ring sizes
with attached pendant c.'rboxylic acid groups.19,20 In general, these oarboxylic acid-

substituted crown ethers were synthesized by reacting the tosyloxymethyl-substituted crown ether

(CE-CJ+ 2 OTs) with the hydroxy group of the appropriately substituted benzoic acid methyl ester

using sodium hydride as the base in tetrahydrofuran. The m3thyl ester group was hydrolyzed to

the carboxylic acid as shown in Procedure A for 1-4. Compounds 1-14 were synthesized in this

manner (Figure I, Table 1).19,20

CE-CH 2OTs OC2E1) ow 01C

Nail, THF C 2 } 2) H H'~ o,. C0..H
H,,CI '0CMe 121 CIo) 2C~

CE = crown ether 1-4

Crown ether acids 1-4 were most seler:tive for Li+. Na+. K+, and Cs+ ions, respectively, in

solvent extraction studies of alkali metal chlorides from an aqueous phase into chloroform. All

acids were lipophilic enough to remain in the organic phase ;ven at pH 2 12.20

Nakamura and Katayamaa have synthesized pendant proton-ionizabl# crown ethers (PICEs) with a



Table i. Crown Ethers Containing Pendant Arm Ionizable Groeis (Figure I)

Number CE R1  R2  R3  R4  R5  wp(*C) Yield(%) Pr'o Ref

i 12-Cr-4 H H n-C1 oH2 1  H CO 2 H 54-56 83 A 20

2 15-Cr-5 H H n-CloH2 1  H CO 2 H 42-44 84 A 20

3 18-Cr-6 H H n-ClOH2 1  H CO2 H oil 81 A 20

4 21-Cr-7 H H n-Cl 0 HZl H CO2 H oil 79 A 20

5 13-Cr-4(2)& H H n-Cl 0 H2 1  H CO 2 H 46-48 4 7 b A 19

6 13-Cr-4(3)- H H n-Cl 0 H2 1  H CO 2 H yellow oil 20b A 19

7 14-Cr-4(2)A H H n-C0H21 H CO2 H yellow oil 2 4 b A 19

8 14-Cr-4(3)a H H n-CIOH2 1  H CO2 H yellow oil 33b A 19

9 15-Cr-4(3)a F H n-CIOH2 1  H CO 2 H yellow oil 2 2b A 19

10 16-Cr-5(3)a H H n-CIOH2 1  H CO 2 H colorless oil 3 0 b A 19

11 19-Cr-6(2)a H H n-ClOH2 1  H CO2 H yellow oil 6 5 b A 19

12 24-Cr-8 H H n-C1 OH2 1  H CO2 H yellow oil 52b A 19

13 27-Cr-9 H H n-ClOH2 1  H CO2 H colorless oil 6 6 b A i9

14 30-Cr-10 H H n-CloH2 1  H CO2 H colorless oil 50b A 19

15 15-Cr5 H NO2 H NO2  OH -- 30 B 9

16 18-Cr-6 H NO2 H NO2  OH -- 25 B 9

17 15-Cr-5 H H H H OH -- 98 B 9

18 18-Cr-6 H H H H OH 180-200/0.84 Pa 47 B 9

a 2 or 3 in parenthesis means attachment of the crown through one of the carbon atoms of a two

carbon bridge or the central carbon atom of a 3 carbon bridge. b overall yield.

phenolic OH group As the ionizable part of the ligand. 9 . 2 1 Some of

R, the pendant arms were chromogenic. These PICEs were synthesized by

ROCH 2 CE the combination of guaiacolyl glyceryl ether and the glycol ditosyl-

ate of appropriate length with sodium hydride as the base in N,N-di-

R2  methylformamide (DMF). The methyl group is then cleaved by lithium

Figure I aluminum hydride (LAH) in hexane at reflux temperature. The crown

ether phenol is then ring substituted to obtain the desired product.

The synthesis of 15 is shovn in Erocedure B. Crown ether phenols 15-18 (Figure I, Table 1) were

obtained according to Procedure B in moderate yiolds. These lig&nds were all oils.



+ f± /-. • faH, OMF,25
TsO Oi~s

OH
OCNO,

OH 00%)

NOO

LAH, hexane, 
N',I"'&,O

reflux 0..~ 0 N
HN0301% Is

Table 2. Crown Ethers Containing A Pendant Arm Phenol Group (Figure II)

Nimber CE. R1  R2  mp(C) Yield(t) Proc Ref

19 15-Cr-5 NO2  NO2  oil 96 B 21

20 18-Cr-6 NO2  NO2  oil 56 B 21

21 15-Cr-5 H -N-N-4-nitrophenyl powder 23 B 21

22 18-Cr-6 H -N-N-4-nitrophanyl powder 4.8 B 21

23 15-Cr-5 -N-N-4-nitrophenyl -N-N-4-nitrophenyl powder 14 B 21

Substitution on the phenol ring can be accompli-hed by aryl

OH diazonium salts (21) as well as nitric acid k15) to give chromogenic

R, CH2 CE ionizable crown ethers. 2 1 Compounds 19-23 (Figure II. Table 2) were

obtained by using the appropriate starting diol and glycol

ditosylate. The startiag diol was obtained by reacting methylN2

Figure 11 iodide with 2-allylphenol in the presence of sodium methoxide to

obtain 2-allylanisole followed by oxidation with potasium

permanganate to the diol. 2 1 The diazophenol crowns 21-23 were obtained as brown powders.

PICE 15 was used to successfully determine sodium ion concentrations in human blood. 9



Ligands 19-23 extracted alkali. metal cations into 1,2-dichloroet-iane forming highly colored

uncharged complexes. 21

Crown ethers 24 and 25 (Figure III, Table 3) have a pendant ionizable arm connected through

a nitrogen instead of an oxygen atom as in 15. The strongly electron withdrawing substituents

on the benzene ring cause the aniline hydrogen to be acidic thus providing the PICE. Bubnis and

Pacey have synthesized these ligands following the sequence outlined in Procedure C. 2 2 The pKas

Procedure Q
0

CECH2 OH dlethylazodlcarboxylate, 0'N 1) H2NNH 2 , H20 MeOH
trlphenylphosphine,

phthallmlde

0
R,

1) NaOH
CE-CHZNH2 HCI ON- CE-af #M-NH R22) Chloro-substltuted

chromophore 24-25

Table 3. Crown Ethers Containing a Pendant Ionizable Aniline Hydrogen (Figure 111)

Number CE RI R2  R3  mp(*C) Yield(*) Proc Ref R3
••NHCH 2 CE

24' 12-Cr-4 NO2  NO2 CF3  86-88 60 C 22

25 15-Cr-5 NO2  NO2  ;02 187-188 60 C 22 R2 R,

Figure III

for 24 and 25 were found to be 11.4 and 11.6 (40% acetonitrile/H2 0) respectively. 2 3  Alkali

metal extraction and complexation studies determined that both 24 and 25 were more efficient

extractors of K+ than of other alkali metal ions. 2 3

A series of PICEs based on 14-crown-4 with a substituted phenol on a pendant arm has also

been reported (26-29, Figure IV, Table 4).18 These ligands were obtained using a mcdlfication

of Procedure B. Instead of using a substituted ethylene glycol unit, the appropriately

substituted 1,3-propylene glycol unit was used to combine with the glycol ditosylate. Sodium

hydride was again used as the base in dioxane and lithium perchlorate was added for a template

effect. The anisole methyl groLp was removed as outlined in Procedure B, except that heptane



Table 4. 14-Crown-4 Macrocycles with R,

Pendant Proton-Ionizablo Arms (Figure IV)

"Number Rl R2  Proc Ref

_...... - I OH

26 H H B 18 0

27 NO 2  H B 18

28 H NO2  B 18

29 NO2  NO2  B 18
Figure IV

was used as the solvent. This afforded compound 26 which was then ring substituted usi.ng nitric

acid to obtain 27-29. In proton-driven transport xtudies in a liquid membrane system. extremely

high ratios of lithium over sodium were obtained using 27-29 as the carriers. 18

3. AZA-CROUNS WITH PROTON-IONIZABLE PENDANT ARMS.

Modifications in the composition of the basic crown ether ring have also boon made to

change the behavior of PICEs toward complexation and transport of cations. Where one or two of

the crown .ring oxygen atoms have been replaced by nitrogen atoms, the proton- ion' zable pendant

arm can be attacled through one or both nitrogen atoms. Preparation of diaza-crowns containing

two carboxylic acid groups is the most obvious extension of this modification.

Diazadicarboxylic acid-containing ligands 30-32 (Figure V. Table 5) were synthesized by

reacting the appropriate diaz&-crown with the potassium salt of the appropriate t-

chlorocarboxylic acid in the presence of potassium hydroxiea followed by acidification as

outlined in Procedure D for compound 31.24,25 Crown ether 34 was obtained by a modified

Procedure D.20 Although ligand 33 is very similar to 30-32, it was obtained by reaction of the

diaza-crown and two equivalents of acrylonitrile to form the diaza dinitrile crown. Subsequent

hydrolysis produced the diacid 33 (Procedure E). 27

Monoaza-crowns 35-38 (Figure V, Table 5) were obtained by the reaction of 2-bromomethyl-4-

nitrophenol and the appropriate aza-%.rown as shown in Procedure F for 35.8.21 Crowns 39-41 were

obtained by an extension of Procedure F. After obtaining the

nitrophenol-substituted crown, the nitro group was reduced to the

amine and the resulting compound was combined with picryl chlortde
R 1 --N N--R2O- Nto give the corresponding PICEs. 2 8

Proton- ionizable ligands 42-48 (Figure V, Table 5) were

Figure V synthesized according to Procedure C shown for the synthesis of



Table 5. Aza-Crowns with Pendant Ionizable Arus (Figure V)

Number 1 m n RI R2 mp(*C) Y1l*Id(t) Proc REf

30 2 1 1 -CH 2 CO2 H -CH2CO2 H .... D 24,25

31 2 2 1 -CH 2 CO2 H -CH2 CO2 H -- - D 24,25

.1 1i 1 -CH2 CO2 H -C1P2 CO2H - D- - 24

33 2 2 1 CH2 CH2 CO 2 H - R1  128.5-130 65 E 27

34 2 2 1 CO(CH2 ) 1 0 CH3  CH2 CO2 H oil 17 D 26

HO

35 1 1 0 -H 2C• 89-90 57 F 21

NO2

36 1 2 0 -- 82-83 71 F 21

37 1 3 0 .... 91 F 8,21

38 1 4 0 .... 87 F 8,21

39 0 -H2C -

2 2 0 H-N NO2  orange crystal 48 F 28

02N_0

40 2 1 1 NO, -- 30 F 28

41 2 2 1 - R1 207 32 F 28

OH

42 2 2 1 I - RI 131-131.5 80 G 29

oH

43 2 2 1 COCH2CH2 * - R1 124-125 48 G 29

NO,
ON

44 2 2 1 -cocNc*% 1* - R1 88-92 43 G 29

N.N-i-Napktkyl
45 2 2 1 - R1  1969?6-^ 49 G 29

46 2 2 1 O9 - RI 144(dec) 14 C 29--COCK3CH2 v NaN-pnlt r op kea j

N4N--aIp.uRtr 1p13y l

47 2- 1 -co,, 5 - R1 141-142 36 C 29



Table 5 (continued)

0o

481-R1 114-117 38 a 9

NO,

50 1 3 0 -- oil 47 H 21

51 1 4 0 -- oil 62 H 21
0 ON

52 1 3 0 -- 104 35 H 21

0

53 1 4 0 90-91 38 H 21

Procedure0

0 2 co3.2-2) HO 0
H-N N-H N H02C N-CH2S0IH

1) KOH, 2) HCO

31

Procedure E

~ 01 1) 2 CH2=CHCN 0~ 0'~
H-N N-H s HO2 CHO2C H-N N-047CHC00 2H

0 Oj ~2) H'0 O

33

Procedure' F
HO OH

0/o-- Taethylrnine,
H -N ~+ BrCH2  C 2ý O

< ,_DN02 NOF 35

4 2.29 Ligand 43 was obtained using the nitro-aubstituted dihydrocoumarin, 44-46 were obtained

by subsequen: aromatic ring substitution by the appropriate aryl diazonium sait, and 47 and 48

were ot.tained using a modified Procedure 0 with the phenyl *ster instead of the lactons.
2 9

Chromogenic aze-crowns 49-53 (Figure V, Table 5) were ortained by tho reaction of the



H-N N-H R-N N-R
020()* 42, R a

Pr.l•cedu re H

-- 0--, 0 N-R CM%, ý- I

+ MA, TMF 49,R'.

ýýOj 0

appropriate aia-crown formaldehyde and a chromogenic group by the Mannich reection in the

presence of triet-hylamine (TEA) as the base. 2 1  rrocedure H illustrates this sequence with crown

4S as an example.

Ligands 30 and 31 were tested for transport and coeplexation properties with alkali,

alkaline earth, some transition metal, 2 4 and some lanthanide metal ions. 3 0 Crowns 32-34 were

only studied using alkali. alkaline earth, and some transition metal icons. 2 6 ,27 Th transport

of cationrs by PICEa 33 and 34 was also studied using zwittierionic saino acid forms assisted by

Ca 2 "" ionn. The extraction of alkali metal cations itito 1,2-dlchloroethans by 35-3a and 49-53

was st.,died and the chromogenic crowns formed highly colored uncharged metal complexes. 2 1

Ligands 37 and 38 were selective for Li+ and K+ respectively and 37 was useful in determining

par-s per million concentrations of Li+ as veil as concentrating L+ from dilute solutions. 8 Of

compounds 44-48, only 46 was found to extract alkali or alkaline earth metal cations. 2 9

4. TARTARIC ACID DERrIMV) PROTON-IONIZABLE CROWN ETHERS.

Fylez and LAhn have synthesized a series of lipophilic carboxylic acid crown ethers derived

from ene or two tartaric acid residues. These syntheses gave crowns with a specific set of

stereoisomers for complaxation and cation transport studies. 3 1 The starting N,N,N'.N'-

tetramethyldiamide of tartaric Acid was obtained from the (2.3g)-isomer of tartaric acid.

Thallium ethoxido, which was compatible with the easily racemlzed chiral centers,3 1 was employed

as the base in this modification of the Williamson ether synthesis. The general synthetic

method is shown in Procedure I using 54 as an example. Lipophilic acid ligarnl 54-.6 (Figure

VI, Table 6) were obtained in this manner using the appropriate glycol diiodida and by making



tkhe appropriate substitutions. 3 1 "3 5 Tctrasubstituted crown ethers

69-91 (Figure Vt. Table 6) were also synthesized according to

R 4  O guneral Procedure I but modifications were made to -btain some of

(0 the products.
5

,
3 3

,
3 6 "

3 8  
Cotuund 80, "or example, va obained by

R OO P the reaction of the N,N,N'.N'-tetraesthyldi-side of tartaric a&;d

and1- liodo-3-oxa-5-benzyloxyp ntane in the presence of tballium

eVthoxida in DHF to obtain the bi.s-beryl blocked pentaethylene
FRgure VI

glycol. This Paterial was deblocked, brominated, then iodinaced

Table 6. Tartaric Acid Derived Proton-Ionizable Crown Ethers (Figure VI)

NTumber a n RI R2 R3  R4  mp(*C) Yield(%) Proc aef

54 0 1 H H CONH(CH2 ) 7 CH 3  C0 2 H oil 70 1 31

55 0 1 H 4 CONH(CH 2 ) 1 3 CH3  CO 2 H wax 60 I 31

56 0 1 H H CONH(CH2 ) 1 7 CH3  C02 H 57" 78 I 31

57 1 1 H H CONH(CH 2 ) 7 CH3  CO 2 H wax 80 I 31

58 1 1 H H CONH(CH2 ) 1 3 CH3  CO2 H oil 61 1 31

59 1 1 H H CONH(CH 2 )1 7 CH3  CO2 H wax 58 I 31

60 1 1 H H CONH(CH2 ) 3 CH3  CO2 H 93 90 I 31

61 0 1 H H CO 2 H CO2 H 60 65 1 31

62 I 1 H H CO2 H CO2 H 103 75 1 31

63 0 1 H H CON(CsH1 7 ) 2  C0 2 H -- -- I 32

64 1 1 H H CON(CsH1 7 ) 2  C0 2 H .... 1 32

65 1 1H H CO2 h 1oee .o .... I 33

66 1 1 H H C0 2 H -ONM-f N-N 161-163 90 I 33

67 1 I H H apCONHCH2 Cl2NHCO CO2 H -- 60 I 35

68 0 1 CO 2 H CON[(CH2 ) 7 CH 3 J 2  H d *.... 1 34

69 1 1 Ab C3 2 H COiH Ab -.-. 1 5

70 1 1 C0 2 H CONHPh CO2 H CONHPh 256 44 I 36

71 1 1 C0 2 H CONH-4-Phenyl- C0 2 H - 1* .. 1 36

azo-l-Napthyl



Tahle 6 (continued)

72 1 1 C0 2 H COCN1-4-Iodo- C02H - R2 1... I 36
phenyl

73 I 1 C02H CONH-1-Napthyl CO2 H - R2 ... 1 36

74 1 1 CONHPh CO2 H C02h - RI 110(dac) 47 1 36

75 1 1 CONH-4-rPhnyl- CO 2 H CO2 H - P4  .. 1 36
azo-l-Napthyl

76 1 1 CONH-4-Iodo- CO2 H CO2H - 1 .... I 36
phenyl

77 1 1 CONH-9-Phenan- C021! C02H - 11 .... I 36
thr'L

78 1 1 CON•H-1-Napthyl CO2H CO2 H RI - 1 I 36

79 1 1 C0 2 H COtl•-9-Phenan- CO2H - 11 .... I 36
thryl

80 1 1 CloH21 CloH2 1  CO2 H CO2 H glass 92 I 37

81 1 1 CON(C 8 H1 7 ) 2  - CO2 H CO2 H -- 97 I 37

82 1 1 CONHCsHI 7  CO2 H CO2H - RI 180-183 -- 1 37

83 1 1 CONHC 8 H1 7  CO2 H - R1  CO2 H A4-78 -- I 37

84 1 1 CON(C 8 HI 7 ) 2  CO2H I- I 37

1 1 CON(CSH1 7 ) 2  CO2H -R CO2 H .... I 37

86 1 1 •C .o CO2 H CO2 H - RI I 37

87 1 1 C02 H - R1  C02 H .... 1 37

88 11 •. 4 -. H CO2 H - R2  - R1  190(dec) 95 I 33

89 1 1 C02 H COmm• - - R- R2  oil 83 1 33

90 1 1 CO2 H CO2 H CO 2 H CO 2 H 213 >95 1 38

91 1 1 CH2 CO 2 H - RI - R1  - RI 197-201 95 I 38

a p - Polyaramid Support. b A - CON(n-Pr)CH2 CH2 0CH2 CH 2 N(n-Pr)CO2 CH2 C6 H6

': obtain the bis-iodo compound. Reaction with didecylethylene glycol in the presence of

thallium ethoxide and DMF followed by the work up autlined in Procedure I gave 80.37 An

analogous modification of Procedure I. used to obtain 81, started with 1.4-dibenzyl-l-threitol

and 1-iodo-3-oxa-5-tetrahydropyranyloxypentane. 3 7 Ionizable crown 92 (Figure VII) was obtained



ProcedureI

HO -" TIOEt 0 (C:) 1) H20. acd

eOF 2) ACO

! ! 0

-0

oo ,00 -1C SH 1 7 N H 2  0c U H C ^~1Koo'

00

fromt three equivalents of di thylenerlycol dueodide in the presence of thallium echoxide/DaF

followed by hydrolysis of the cetidi to f the acid.3o

Complextion by th~eam crownsJ hasJ boon extensively

castudieon and transportat es of thos ecaions have been

HOC/,0/ 0 "•r cO2 done using d hesd ligan'ds oiah the alkal7 wnd alkaline

H 0 2Co 0 Oto earth oyertl cations. tiantic and tio hanistion pudres for

Ftheer uje s n the teansport of metal ions have been carrd.d

0 0c e out. Preferences of certain ligands for particular

l bcations and transport rates of d hose cations have been0o 0_

92 o daterognad.32i35b38,39"43 b sonizable crown 67 wis atthched

Hss en o CnH to a polymer support and its cation separation properties

R~gure V11 were studied.35

5. CROWN ETHERS WIT PROTON-IONIZABLZ CHROMOGENIC FEMX4XT ARMS.

Proton- ionizable crown et~hers containirng chromogenic pendant arms are unique in that

spec tropho tome tric analysis can be done upon deprotonation and couplexation with a metal cation.

Some of these chromogenic proton- ionizable crown et~hers have already been discussed and others

will be discussed at a later point in t~his article. The cos•pounds discussed here either have an

ionizable phenolic proton or an &mine hydrogen maede ionitable by strong electron withdrawing

substituentx on the neighboring benzene substituent.

Chromogenic ionizable crowns 93-106 (Figure VIII. Table 7) were synthesitud by modification

of Procedure A. The seibstituted aminophenol was combined with the appropriate tosyloxymethyl



substituted crown ether in the presence of sodium hydride in TEF

R, OCI, 2CE to obtain the crown ether containing the aniline pendant arm.

This material vat then coupled with the appropriate chloride (i.e.

R R1  picryl chloride) to obtain the product. 4 4  Crowns 107 and 108 were

R2  obtained according to Procedure B except that the corresponding

Figure VIII diazonium salt was used instead of nitric acid. 9

Table 7. Crown Ethers with Chromogenic Ionizable Pendaut Groups (Figure VIII)

Number CE A B C D E mp(C) Yield(%) Proc Ref

R- R2 R3 - R4 - R5 - H
c93 15-C-5 NO2  H NO2  H NO2  119-121 89 A 44

C4 15-C-5 NO2  H NO2  H CN red glass 92 A 44

95 l5-C-5 NO2  H NO2  H CF 3  red oil 96 A 44

96 15-C-5 CF 3  H NO2  H NO2  72.5-74.5 90 A 44

R- same as above, R2 - R3 - R5- H, R4 - NO2

97 15-C-5 NO2  H N02 H NO2  red oil 47 A 44

98 15-C-5 NO2  H NO2  h CF 3  red glass 48 A 44

R- same as above, R2 - R4- NO2 , R3 - R5 - H

99 15-C-5 NO2  H CN H NO2  164-166 80 A 44

R- same as above, R2 - R3 - R4 - R5 - H

100 16-C-5 CF3  H NO2  H NO2  orange oil 47 A 44

101 18-C-6 CF 3  H NO2  " H NO2  red oil 67 A 44

102 19-C-6 CF3  H NO2  H NO2  red oil 94 A 44

103 21-C-7 CF 3  H NO2  H NO2  red oil 51 A 44

104 30-C-10 CF 3  H NO2  H NO2  red oil 66 A 44
NH

R2 _ E A R3 . - R5 H
0• a

C

105 15-C-5 CF 3  H NO2  H NO2  red oil 69 A 44

106 18-C-6 CF 3  H NAN- NO2  H NO2  red oil 67 A 44

2- , R1 - R3 - R4 - H, R5 -OH

107 15-C-5 H H c NO2  H H 45-55 49 B 9

108 18-C-6 H H NO2 H H 88-89 70 B 9



6. SUBSTITUTED BENZO-CROWN ETM•.S

This section covers PICEs with one benzene ring incorporated into the crown as a subcyc) ic

unit. AlkAnoic acid groups as well as aiomatic chromogenic groups have been substituted onto

the benzene ring. Crowns 109-112 (Figure IX, Table 8) were synthesized as shown in Procedure J

using 109 as an example. The hydroxymethyl substituted benzocrown ether was reacted with the

corresponding bromo- substituted carboxylic acid and, after

R, protonati.;n. benzocrown 109 was obtained. Crown 110 was obtained

by a modification of Procedure J in that the tosyloxymethyl crown

R b o and hydroxy-substituted carboxylic acid wera asadd to obtain the

Fir I product.19,45 Acid crowns 113 and 114 wore obtained by oxidation

of the corresponding acetyl derivative (Procedure K). 4 6 -4 8

Phenolic crowns 115 and 116 were obtained by a modified Procedure K. Ivstead Af oxidizing the

acetyl derivative to the carboxylic acid, the acetyl group was subjected to Baeyer-Villager

oxidation conditions te obtain the corresponding acetate. The acetate was then hydrolyzed to

obtain the phenol.
4 9

Table 8. St'bstituted Benzo Crown Ethers (NA - No Atom. E - CH2 CH2) (Figure IX)

Number R1  R2  R3 X Y Z mp(*C) Yield(%) Proc Ref

corH

109 H H H CH2 0CH 2  CH2 0CH2  oil 47 J 45

110 H H H C20oC2 C H20C2 Oil 58 J 45

Ill H H H NA NA oil 63 J 19

112 H H H CH 2  CH2  oil 47 J 19

113 H CO2 H H NA EOE NA 183-185 89 K 46,48

114 H CO2 H H CH2 'H 2  CH2 OCH2  NA 118-120 80 K 47

115 H -OH H NA EOE NA 101-103 93 K 49
(mod.)

116 H -OH H NA EOEOE NA 52 82 K 49
('mod.)

117 H H NA EOE NA 155 72 L 11
NO2



Table 8 (continued)

118 H N02 NA EWE NA 208-209 82 L 11
119 H " Br NA E0E NA 216-217 60 L 11

120 H -t c H NA WOE NA -- - L so

NO,
cr4

121 H -HN- , H NA EOE NA .... L 50

NO,

O0N

122 H -HN ý No; H NA EOE NAL 50

FC
02N

123 H -N-.-N H NA EOE NA -. -- L 50

094

124 H -HN-•-ý c H NA EOEOE NA 55-56 45 L 29

NO2

125 H No2 NA EOEOE NA 160-161 32 L 29

126 H H NA EOEOE NA 75-78 17 L 51

127 H N.N H NA EOEOE NA 150-152 32 L 51
Nco-

OH
128 H H NA EOEOE NA 120-123 77 L 51

129 H -N- H NA EOE NA 162-163 66 L 29

130 H H NA EOE NA 72-74 11 L 29

I-lu

131 H -N. OH H NA EOE NA 107-108 34 L 29

132 H H NA EOE NA 62-64 11 L 29
(mod.)

OH

133 H H NA EOE NA 244-245 90 M 29

134 H C0 H NA EWE NA 171-172 42 M 29



P romd~ure.J

8r-CH(CHO)ICH0> 0 Of•"

0 1) base, 2) acid 10 "o

Procedure K

0CH 1) Br2, NaCH, HO (
H3  - H20, 0C 2O0

113 I ,ZO

Procedure L

NO2
-.--H 0-

NO2 ~*-:?-y 0 9 1) reductIon NO2  0

2) p~cryl chloride N ,2 
2

00
Procedure M

0

0 1) 2,6-dimethylphenofH'• _ TsOH, dloxane

HO

CH, 133

Chromogenic ionizable crowns 117-125 (Figure IX, Table 8) were prepared according to

Procedure L. The appropriately substituted nitrobenzocrowns Vere cate.lytically reduced to the

amine followed by coupling with the corresponding chloride. 1 1 , 2 9 . 5 0  Azocrownr 126-132 were

obtained by modifying Procedure L. The amine fun,-tion was converted to a diazonium salt and



then combined with the appropriate aromatic substrate to yield the proton-ionizable chromogenic

crown ether.51 Crowns 133 and 134 were obtained as shown in Procedure M.2 9

The transport of alkali and alkaline earth metals by these PICEs has been studied. 4 5 Crown

ethers 126-128 were used in studies demonstrating the first example of light driven Ca 2 +

transport across a liquid membrane. 5 1 UV light caused the crowns to i.-omerize from the trana to

the als configuration which puts the phenol group above the macrocyclic cavity and in a position

to assist in complexation and transport.
5 1

7. CARBOXYLIC ACID-SUBSTITUTED DIBENZO-CROWN EERS.

Dibenzo-crown ethers are a natural extension of the work done with the banzo-crown ethers.

These compounds have alkyl and carboxylic acid substituents and one crown (159) is chromogenic.

Dibenzo-crowns containing carboxylic acid substituents (135-148) (Figure X, Table 9) wre

obtained by combining the various hydroxydibenzo-crown ethers with the corresponding bromoalkyl

carboxylic acid in the presence of sodium hydride in THF as illustrated in Procedure j.52-54

Propionic acid-containing crown 149, homologous to acid crowns 135-148, was prepared via the

appropriate hydroxydibenzo-crown ether and allyl bromide

RýIý R2 or ethyl acrylate as shown in Procedure N. 5 2 . 5 6

Disulfonic acid-crowns 150-152 were prepared from the

R - R3 corresponding carboxylic acid-crowns (Procedure J) by

sulfonatior, of the benzene rings using sulfuric acid,
X

acetic anhydride, and acetic acid in chloroform. 5 7

Figure X Crowns 153-156 were obtained by reacting the dibenzo-

crown containing a ketone function on the propylene bridge with the appropriate Grignard reagent

to give al.'cyl and hydroxy substitution on the same carbon as shown in Procedure 0.54 Procedure

J was then followed as outlined before to obtain the acid crowns. Alkylsulfonic acid crown 157

was obtained by n modification of Procedure J in that the hydroxy crown was first combined with

sodium hydride in THF to give the sodium alkoxide followed by the addition of 1,3-propane

sultone. Hydrogen chloride gas was then bubbled through the reaction mixture to protonate the

salt. 5 6 Dicyclohexano-crown cprboxylic acid 158 (Figure XI) was prepared according to Procedure

J but first the benzene rings on the oorresponding hydroxy-crown were reduced to cyclohexane

rings using hydrogen and ruthenium on carbon in ethanol.
5 4

Crown 159 (Figure XII) was the only chromogenic proton-Ionizable dibenzo crown ether

reported. It was prepared according to Procedure L except that the corresponding nitro-

substituted dibenzo-crown was used.
2 9



Table 9. Dibenzo Acid Crowns (E - CH2 CH2 , P - CH2 CH2 CH2 ) (Figure X)

Number R1  R2  R3  X mp('C) Yield(%) Proc Ref

135 H -OCH 2 CO2 H H E 129 76 J 52

136 H -OCH 2 CO 2 H H P 140-141 80 J 52

137 H -OCH 2 CO2 H H EOE 166 t2 J 52

138 H -OCH 2 CO 2 H H EOEOE 95-96 66 J 52

139 H -OCH(C 2 H5 )CO 2 H H EOE 93-95 40 J 52

140 H -OCH(n-C 4 Hg)CO2 H H EOE 93-95 40 J 52

141 H -OCH(n-C 6 HI 3 )CO2 H H EOE 75-77.5 23 J 52

142 H -OCH(n-C 8 HI 7 )CO2 H H EOE 87-88 27 J 52

143 H -0((C4 2 ) 4 CO2 H H we 97-98 76 J 52

144 H -OCH 2 CO2H t-Bu EOE 55-56 86 J 53

145 H -OCH(n-C 8 H1 7 )CO 2 H H P 74.5-76.5 46 J 54

146 H -OCH(n-C 8 Hl 7 )CO2 H H EOEOE oil 35 J 54

147 H -OCH(n-C 8 H1 7 )CO2 H H EOEOEO oil 38 J 54

148 H -OCH 2 (CH 2 ) 4 CO 2 H H P 50 70 J 55

149 H -O(CH2 ) 2 C0 2 H H EOE 116-119 6 N 52,56

150 H -OCH 2 CO 2 H -SO 3 H EOE 127-128 93 J 57

151 CH3  -OCH 2 CO 2 H -S0 3 H EOE 110-111 86 J 57

152 n-C 4H9  -OCH 2 CO2 H -SO 3 H EOE 173-175 82 J 57

153 n-C4 H9  -OCH 2 CO2 H H EOE 145-146 quan. 0 54

154 n-C8 H1 7  -OCH 2 CO2 H H EOE 95.5-97.5 quan. 0 54

155 n-CI 4 H2 9  -OCH 2 CO2 H H EOE 107-108 quan. 0 54

156 n-C8 H1 7  -OCH 2 CO 2 H H EOEOE oil 78 0 54

157 H -O(CH 2 ) 3 SO3 H H EOE 60-70 80 J 56

Metal cation complexation by many of these compounds has been studied extensively. The pKa

values for many of them have been determined. 52,56.58 Using these dibenzo-crown carboxylic

acids, transport of alkali, alkaline earth, some transition metal, and lanthanide metal ions has

been studied as a function of pH, metal ion concentration, and the nature of the organic phase

in single ion as well as compe;itive ion experiments in bulk and emulsion liquid membrane

systems.3,4,16,53,57,59"68 Some of these crown acids have been used in the study of the



transport of praseodymium (III) across phosphatidyl choline vesicles. 6 9  Thermodyamic stdies

have also been carried out, and a, ACG. and TAS values have been determined for crown-metal ion

complexes. 5.58,70,71

C^7 ~~NO, '
II r9 ? N

0a , % X /9XO EOE 159) yield: 6M% rap: 22=-226eC, Proc. 0, Ref. 29

158 Figure XIIyield: 41%, mp: off, ref.: 54

Figure X1

_Procedure N

0H OO-12CH2OH2OH

1) NaH 0 %

0 2) allyl bromide

03) hydroboration 0 0

1) t-BuOK, Et Acrylate C2HC2
2) 15% HCI Jonzs
3) dioxane, 10% HCl oxidation

reflux

149

Procedure 0

0

001) RMgX, TH.F ;

0 : 2) NH4 Cl COi

0 0 0-



8. PROTON- IONIZABLE CROWN ETHERS CONTAINING THE BINAPHTHYL SUBCrCLIC UNIT.

The PICEs containing a binaphthyl unit were among the first proton-ionizable crowns

synthesized. Cram and coworkers have studied a large number of these compounds for metal cation

complexation as well as molecular recognicion.
7 2

,
7 3

Binaphtho-crowns 160-161 (Figure XIII, Table 10) were syntbesized from the combination of

2,2' -bis-methoxy-3 .3.-blk-(hydroxymethyl) -1,1' -binaphthy1 and the appropriate glycol ditosylate

follo• A by the cleavage of the methyl group to give the bls-naphthol compound as outlined in

Procedure P for compound 160.72

Table 10. Binapathyl Ionizable Crown Ethers

with Intraannular Hydroxy Groups 0

(Procedure P, Refereace 72) (Figure XIII)

Number n mp(*C) Yield(%) O

160 2 214-215 40 f
161 3 188-189 40

Figure Xl1l
162 4 162-163 15

OH2 )

OCH TsO ba0 OTS CH

NO conc. HC1, CHCI3

OH CH30H
160

OH

Binaphtho-crown ethers L63-184 (Figure XIV, Table II) have the crown ring attachment at the

2,2'-positions instead of the 3.3'-positions as in 160-162. The general procedure for the

synthesis of proton-ionizabla binaphtho-crown ethers 163-174 is giveti in Procedure Q using crown

163 as an example. 7 4 , 7 5  The synthetic pathway to obtain the appropriately substituted starting

binaphtho-crown is somewhat similar to Procedure p. 7 4 Once the precursor binrephtho-crown was



obtained, it was coupled with bromoacetic acid methyl ester and

R, , - R, subsequent hydrolysis and acidification provides the binaptho-

N .- ' crown acid. 7 4 , 7 5  Binaphtho-crown acids 175-180 containing a

0 0 sulfur atom in the alkyl acid chain were obtained by modifying

Ný4_ Procedure q. Reaction of the 3.31-bis(chloromethyl) binaphtho.
R3 R2  crown ether with an w-sulfhyeryl alkanoic acid in the presence

Figure XIV of base followed by acidificetion gave the sulfur-containing

0

Table 11. Binaphthyl Ionizable Crown Ethers (A - OCIi2 CO2 H H - () ) (Figure XIV)

Number n RI R2  R3  R4  mo(*C) Yield(%) Proc Ref

163 4 CH2 A CH 2 A H H oil 80 Q 74,75

164 4 H CH2 A H H oil 70 Q 74

165 4 CH2 M CH2 A H H oil 65 Q 74

166 3 CH 2 A CH2 A H H oil 85 Q 74

167 5 CH2 A CH 2A H H oil 75 Q 74

168(-)-(S) 4 CI12 A CH 2 A H H glass 90 Q 75

169(-)-(S) 3 CH 2 A CH 2 A II H glass 65 q 75

170(-)-(R) 5 CH2 A CH2 A H H glass 50 Q 75

171 3 Ci42 A H H H 128-130 35 Q 75

172 4 CH2 A CH3  H H glass 85 Q 75

173 4 CH2 A C•20H P H glass 77 Q 75

174 4 H H CH2 A CH2 k glass 75 Q 75

175 4 CH2 SCH2 CO2 H - R4 H H glass 96 Q 75

176(+)-(S) 4 GH2 SCH2 C02 H - RI H H glass 72 Q 75

177 4 CH2 SCH 2 CH 2 CO2 H - R1  H H glass 97 Q 75

178(-)-(S) 4 CH 2 SCH 2 CH2 CO2 H - RI H H glass 58 Q 75

179 4 H H CH2 SCH2 CO2 H - R3  oil 75 Q 75

180 4 CH2 SCH2 CO 2 H - R1  - RI - R1  glass 96 Q 75

181 4 CH2 CH(CO 2 H) 2  - RI H H 140 91 Q 75

182 4 CH2 CH2 CO2 H - RI H H glass 92 Q 75

183(-)-(S) 4 CH 2 CH2 CO 2 H - R1  H H glass 85 Q 75

184 4 H H C02 H C02 H 291-2 84 R 75



1 Probtcuedur e s

0 0

I)BrH2orCO3 0o

N 2) hydrolyze

S N aC - N . •-- ,IoI
0 

0) 

-NO2i2 N 133 CHOai2U2h

binaphtho-crezn acid.75  Compounds 181-183 were alro obtained starting from 3,3-e

bis~chloromethyl) binaphtho-cro-n and dimthyl zalot0at followed by subsequent eorkupi5  Diacid

184. was nbtained by the sequence shown in Procedure R.75 Compound 185 (Figure XV) Was obtained

using Procedure Q7

0
CO2 C

0 0e 1) KOWBrs N 0. 0

0 N 0 0HCI -00

CH3, N H0 2 C"'K00"

0 184

The binaphthylene unit of the

:. 74 crown ethers just described is a

0 0 steric barrier whose 3- and 3'-
N CO'"

positions direct the attached side

0 chains over and under the cavity of

185) yield: 70%, mp: oil, ref. 74 additional binding sites for

Figure XV complexation. 7 4 These crownp were

able to extract metal cations into organic phases and they provided optical resolution through

differential complexation of the enanciomers of the a-amino acids. 7 2 "7 6



9. PROTON-IONIZABLZ BENZO-CROWNS CONTAINTNQ AN INTRAANNULAL HDROZrY GROUP.

Although many of the PICEs already discussed contain phenol groups, this section will

discuss PICEs -ihich contain a phenol hydroxy group inside the crown ether cavity. The veneral

synthesis is shown in Procedure S with compound 186 as an ilustration. 7 7 Crown phenols 186-196

(Figure XVI, Table 12) were synthesized according to this procedure, some with slibt

Table 12. Crown Ethers Containing Xntraannular Phenol Hydroxy Groups (Figure XVI)

Number m n R X mp(*C) Yield(%) Proc Ref

186 0 1 H 6 66-66.5 91 S 77

187 0 1 NO2  0 105.5-106 92 S 77

18R 1 1 H 0 48-49 92 S 77

189 i 1 NO2  0 91-91.5 93 S 77

190 2 1 H 0 oil 70 S 77

191 2 1 NO2  0 73-75.5 92 S 77

192 1 1 C1 0 62-65 22 S 78

193 2 1. Cl 0 oil 70 S 78

194 3 1 Cl 0 oil 64 S 78

195 4 1 Cl 0 re 87 S 78

196 5 1 Cl 0 -- 65 S 78

197 0 1 -N-N-2,4-dinitrophenyl 1 167.5-168.5 -- S 7,10,79

198. 1 1 0 0 109.5-110 -- S 7,79

199 0 1 -N-N-4-mezhoxyphenyl 0 136-137 -- S 8n

200 1 1 * 0 95.L-96.5 -- S 80

20l 1 1 o 0 143.5-144.5 -- S 80

2Ci 0 ]. OH 0 151-152 quan S 31

203 1 1 OH 0 76-80 quan S 81

204 3 0 OH 0 68-70 92 S 82

205 2 0 H 0 57-58 82 T 82

206 3 0 H 0 nil 81 T 8L

207 4 .0 H 0 oil 86 V 82

208 2 1 H NH oil 11 U 83



modifications. The crowns containing a nitro-substituent were

Rrepared by nitrating the initially formed crown phenol using sodium

nitrite and nitric acid. 3 0  
The uacrocycles containing the 4-chloro-

O n ;..stim.ent weae obtained fzon 1-allyloxy-4-chloro-2. -kjj-(hydroxy-

0 OH O mtehyl)beroene which was converted to the dibromide followed by ring

Sclosure to obtain ths czown. Tho allyl blocking group vas later

removed. 7 8  
Azo-substituted crowns 197-201 (Figure XVI. Table 12) were

m obtained accordir3 to Procedure S followcd by reaction wuTh the

Figure XVI appropriate diazontuim salt.
7 9

,80 Crown hydroquinones 202-204 were

also obtained by a mxodification of Procedure S. 1.4-Dimethoxy-2,6-

N7
HOp - 0 0 Ose

SO O 186 l

Br OCH3 Br 1) NaH, THF 2)IJ1

ProcedureT

I BrCH2CO2CH3  i iI
OH 0 LAHH O O H K 2 C O 3 , a c e t o n e I I O ' O C H ,

OCH3 O C THF

O•OCH, CHO 0 (OH HO)

TsO 0 OTs OCH,3  OHLAH C
(-- 0 0 205

t-BuOH, THF THF

bi -(hydroxymethyl)benzene was used 1 1 form the crown using the appropriate glycol ditosylate.

The dimethoxybenzene rea [due vae oxidized to the quinone with ceric amuoniuj nitrate then

reduced to the hydroquinone with sodium dithionite.
8 1

'
8 2

Crown phenols 205-207 ware obtained



nccc~rdlnr to Frocedure T.82 Diaza-crown phenol 208 was obtained as outlined in Procedure U. 8 3

Cro-•ms 209 and 220 (Figure XVII) were synthesized by a modification of Procedures T and U. 7 8 , 8 2

Procedlure U

N1)1 1) 11 iv, 2) V1

Br OCHN or HO OCH3 OH 0 iCv3 0

0O'(OH HO010

S() AcOK, AcOH; (11) NaOH, EtOH(•);

0 OH O 011) CICH 2COAH, t-BuOK, t-BuOH,

then PTSA, EtOH; (Ov) NaOH,

NH HN EIOH(,,), then HC3; (v) (COCI)2 , COHN;

<ý_O (v) NH2CH 2CH 20CH 2CH20CH2 CH2 NH2 ,

EtIN, toluene; (vil) LAM, THF

These PICEs have been

studied to determine acid

dissociation constants and

01( ON complexation properties with

amines, transition metal ions,

0 OH 0 heavy metal ions, and alkali

0 0 and alkaline earth metal

0"" < 0:1 ons. 7 .7 4 .7 7 -8 0 .8 4  Soe of the
0 "crowns have been used to

O O0 determine the presence of

II specific cations. The

Figure XVII O chromogenic crown phenols

209) 61%, mp: 91- 210) 64%, oil, ref. 78 change color upon formation of
93*C, ref. 82

a complex.

10. PROTON-IONIZABLE BENZO-CROWNS CONTAINING .'N INTRAANNULAR CARBOXYLIC ACID.

Many of the PICEs already described contain benzoic acid type functions but the compounds

discussed in this section have an intraannular carboxylic acid group attached directly to a



benzene ring. Benzoic acid-containing crowns 211-213, 216, 218, and

219 (Figure XVIII, Table 13) were prepared either by Procedure V or by

O2  0 a modification of Procedure V. 8 5- 8 7  Compound 212 is shown " an

example. Host of these crown acids were also prepared by Procedure
0 W.86-88 Complexation and transport of U+. Na+. K, and Ca 2 + by these

intraarmular carboxylic acid-containing crowns have been studied. 8 6 ,8 9

Figure XVIII

Table 13.Crown Ethers With an Intraanmular Carboxylic Acid Group (E - CH2 CH2 ) (Figure XVIII)

Number X wp(*C) Yield(%) Proc Ref

211 E 106-112 34 V.B 86,87

212 EOE 100-101 82 VB 86.87

213 EOEOE 86-95 68 V.B 86.87

214 EOEOEOE 78-79 55 B 87,88

215 EOEOEOEOE oil 58 B 87,88

216 EOEOEOEOEOE oil 34 V.B 86

217 EOEOEOEOEOEOE oil 36 B 87,88

218 Eo 213-214 70 V 85

219 172-181 98 V 85

Procedure V

H 1) NHOH 0 CO•-O

Br or NHH, THF 2) HCI

oo: e (0 w 2j (c
02C"3 0o2)



Procedure W

"-78°C 0 )00 Br 0 n-BuU, THF 0 c~

Ko ) (K 0) 1)C2(
O70 2) H30*

J •O• 212 Lý,,Oj

11. PROTON-IONIZABLE CROWN ETHERS CONTAINING PHOSPHOROUS.

Phosphoric acid-containing ionizable crown ethers are more acidic than their carboxylic

acid counterparts and some have more than one ionizable proton. Hydrogen phosphate crowns 220-

225 (Figure XIX, Table 14) have the'ionizable group as an intraannular hydroxy. These ligands

Table 14. Dialkyl Hydrogen Phosphate Crown Ethers

(Reference 90) (Figure XIX)

Number n R mp(*C) Yield(%)

0
220 1 H 104-106 33 II

221 1 n-octyl oil 47 C I

222 2 H 106-108 75 0 J
223 2 n-octyl .88-89 65

/ n
224 2 n-decyl 89-91 73

Figure XIX
225 2 n-hexadecyl 98-100 77

were obtained by combining the appropriate glycol with phosphorous oxychloride at -70"C in

dichloro-methane. The resulting crowns containing phosphorous chloride group were hydrolized to

the hydrogen phosphate crowns by water in dioxane. 9 0  Phosphonomethyl-containing aza-crowns 226-

228 (Figure XX) were obtained by reacting the corresponding aza-crown with phosphoric acid,

formaldehyde, hydrochloric acid, and water.25 Dibenzo-crown phospbtnic acid 229 (Figure XXI)

and crown phosphonic acid 230 were prepared by reacting the hydroxy dibenzo-crown ether with

chloromethylphenyl phosphinic acid and monoethyl iodomethyl phosphonic acid respectively.
5 6 ' 91



II II II0 N-O~-C•2P-0O HO-P--•I2• N-C42 -P-OH

OH OH (
ý-- O 0 aO O-

Figure XX

226) n228) ref. 25

227) nxl, yield: 74%, rap: 74-78eC, ref. 25

These phosphoric acid-
0

0 O 2 1containing crowns were studied
I1 O --P--OC-s

in transport experiments with

alkali metal ions and with

ONO ~Zn2 +, Ag+. pb+ Ng2 +, Cd2+ and

~fJ Ni 2+. 9 0 .9 2  Thermodynamic. an40a DO (0 0,

kinetic studies were carried

Figure XXI out on the side arm

229) yield: 40%, nip: 230) yield: 88%, nip:
170.5-1710C, ref. 91 48-52C, ref. 56 interactions of 229.56

12. CROWN ETHERS CONTAINING A PROTON-IONI"ZBI PYRIDIZ'-DERI"VE SUBCYCLIC UNIT.

Crown ethers containing a proton-ionizable subcyclic unit are unique in that the anion

formed upon removed of the proton is actually part of the crown ether ring. Thus, after

complexation. a negative charge is in close proximity to the positively charged cation in the

cavity of the macrocycle. Crown ethers 231-245 (Figure XXIL, Table 15) have an ionizable proton

on the ring nitrogen. The pyridine of the crown ether is in the 4-pyridone form, as shown, as

determined by an x-ray crystal structure analysis. 9 3 The general synthetic procedure is

outlined in Procedure X.93- 9 5  The synthesis of compound 232 is

Z given as an example. Using the same synthetic procedure, 4-

pyridono-14-crown-4 compounds 246-248 (Figure XXIII, Table 16)

were also obtained.
9 6

H 0 R, As an extension of the synthesis of the above pyridono-crowncethers, pyridone -N-hydroxide -containing compounds 249-252 (FigureK 0 XXIV, Table 17) were prepared. The crown N-hydroxides were

R, obtained using a modification of Procedure X. The crown was

Figure XXII purified as the THP-protected material and subjected to oxidation



Table 15. Crown Ethers Containing the 4-Pyridone Subcyclic Unit (Procedure X) (Figure XXII)

Number n RI R. X Z mp(*C) Yield(%) Ref

231 0 H ii 0 0 150-151 14 93

232 1 H H 0 0 104-105 26 93

233 2 H H 0 0 oil 23 93

234 1 -n-C8 HI 7  H 0 0 41.5-43 38 93

235 0 -n-C8 HI 7  H 0 0 wax 52 94

236 1 -C6 H6  H 0 0 90.5-93 29 94

237 2 -n-C 8 H1 7  H 0 0 oil 28 94

238 1 H H S 0 63-64 11 93

239 0 H H 0 S 153-155 46 94

240 0 -n-C8 HI 7  H 0 S 82-85 8 94

241 1 H H 0 S 182-183 62 94

242 1 -n.C 8 H1 7  H 0 S 118-120 40 94

243 1 -0 6 H6  H 0 S 145-148 12 94

244 0 H -CH2OCH2CH-CH2 0 0 oil 38 Y5

245 1 -CH2 OCH2 CH-CH2 H H 0 0 77 35 95

Table 16. 14-Crown-4 Macrocycles Containing the 4-Pyridone
0

Subcyclic Unit (Procedure X, Reference 96) (Figure XXIII)

Number R Yield (%) mp(*C) N

0 H 0
246 H 28 179-180

247 n-C 8 H1 7  35 123.5-124.5

248 -CH 2 C6 H6  21 168-169 R

Agure XXIII

using meta-chloroperbenzoic acid in methylene chloride at O*C. 9 7  It was determined that these

compounds exist as shown in Fisure XXIV in solution but in the solid state, they exist as the

crown 4-hydroxypyridine-N-oxide.97

Several proton-ionizable pyridino diester-crown ethers have also been synthesized. These

compounds have been shown to exist in the 4-hydroxypyridine form, unlike the non-ester 4-



Procedure X
OTHP OH

I TsO/ 0O OTs
(H) (H) A"

AN _H4

OH OH NaH, THF
('s) (T3) K0  (0

KoN) 232

Table 17. Crown Ethers Containing the 4-Pyridone-H-Hydroxida

Subcyclic Unit (Procedure X. modified) (Reference 17) fFigure XlIV)

0
Number x mp(C) Yield(%)

249 -CH 2 CH2 CH 2OCH2 CH2 CH2 - 205-206(dec) 10

250 -CH 2 CH 2 CH2 0CH2QI(n-C8H1 7 )CH 2 - 147-148.5 15 A
O OH 0

251 -H 2CH2 0C 2 CH2 0CH 2CH2 - 135 40 %n C

252 -CH 2 CH2 OCH 2 CH2 OCH 2 CH2 OCH 2 CH 2 - 166 5

Figure XXIV

Table 18. 4-Hydroxypyridine Diester Crown OH
Ethers (Procedure Y, Reference 98) (Figure XXV)

0 0Number n R mp(*C) Yield(%) N
R O 0 R

253 1 H 142-143 76

254 1 CH3 (S,S) 95-97 30 0O

255 1 Ph(S,S) 119-122 3.1

256 2 H 85-89 78

Figure XXV

pyridone crowns. 9 8 Macrocycles 253-255 (Figure XXV. Table 18) were obtained by transesterifica-

tion of 4-0-protected dimethyl chelidamate and the appropriate glycol (Procedure Y) using a

metal methoxide base and molecular sieves to remove the methanol. Subsequent deprotection

yielded the 4-hydroxypyridino diester-crown athers. 9 8

These proton-ionizable pyridine-containing macrocycles have been examined as carriers in

transport studies with alkali, alkaline earth, and some transition metal cations using bulk

liquid and emulsion liquid membrane systems. The crowns containing chiral substituents were



Procedure Y

OHORON O

-3
+ 0 0O0 O

S40 H

OCH3  OCH3  1) M+ "OCH 0 0

R THP or 2) deprotectlon
benzyl (O0

also used in chiral molecular recognition experiments. Acid dissociation constants have been

determined as well. It has been shown that transport can be *switched" on or off by adjusting

the pH of the aqueous phase. 6 , 1 4 .93,95-101 Because of the lability of the ester function, these

crowns were not as effective in transporting metal iors as the corresponding polyether crowns.

13. flOTON-IONIZABIZ CIOWN ETHERS CONTAINING A TRIAZOIZ SUBCYCLIC UNIT.

The triazole unit provides another way uf incorporating a proton-ionizable subcyclic unit

into a crown ether so that, upon ionization, the negative charge is on the macrocyclic ring

itself. Triazolo-crowns 256-207 (Figure XXVI, Table 19) were synthesized according to the

sequence shown in Procedure Z.13.95,1C2 Two separate solutions,

N-N/ one containing the THP-protected 5_j-(chloromethyl)-l,2,4-

SN .04,R4N triazole in THF and another containing the dipotassium

R3  0 0 R3 glycoxide in THF were added simultaneously to refluxing THF to

Y Tobtain the protected crown. Deprotection using methanolic HC1

01) provided the proton-ionizable crown. Triazole crowns 268 and

269 were obtained by a different method as shown in Procedure

Figure XXVI AA. 10 3  The overall yields for Procedure Z were somewhat higher

Procedure Z

Hh H/-NN-
N-NT I

H 0 H N CHOH,

H O 0 H

C1 C1 t-BuOH, THF (0 0) (0 0"

257



Table 19. Crown Ethers Containing the 1,2,4-Triazole Subcyclic Unit (Figure XXVI)

Nunber n K1  R2  R3  R4  X mp(°C) Yield(t) Proc Ref

256 0 H H H H 0 90-92 1.1 Z 702

257 1 H H H H 0 112-114 33 Z 102

258 2 H H H H 0 71-72 15 Z 102

259 1 H H CH3 (SS) H 0 oil 33 Z 102

260 0 n-C8 HI 7  H H H 0 oil 24 Z 13

261 1 n-C8 C1 7  H H H 0 wax 36 Z 13

262 1 C6 H6  H H H 0 oil 48 Z 13

263 1 H H n-C8H1 7  H 0 syrup 25 Z 13

264 0 n-CIIH2 3  n-C1 IH2 5  H H 0 70 26 Z 95

265 1 n-C1 2 H2 5  n-CI 2 H5  H H 0 77.5-79 48 Z 95

266 1 H H H H S 95.5-97 17 Z 13

267 1 n-C4H1 7  H H H S oil 9 Z 13

268 1 H H H CH3(SS) 0 110 82& AA 103

269 1 H H H CH3 (R,R) 0 oil aga M 103

a Yield on last step.

Procedure AA

H
N-N NN-N

N-N /*(\/)\ CH3  H C 3  CH

I Iy H TsO+ -) 0 Ts N.NC12CII NsNO 0CHN CH1  T HCI O

OH NH2  OH K
I t-uOH.L.~...)268

than those for Procedure AA. Triazolo-Crown 270 (Figure XXVII) was isolated and characterized

in addition to crown 256.102 Dibenzo-crown 271 and dicyclohexano-crown 272 (Figure XXVIII) were

obtained by Procedure Z also using the appropriate glycols. 1 3

Three triazolo diester-crowns, 273-275 (Figure XXIX, -Table 20), were also synthesized using

the same procedure described for the hydroxypyridino diester-croins, Procedure Y. but starting

with dimethyl 1-benzyl-lH-1.2,4-triazole-3.5-dicarboxylate. 1 04.1 0 5  By x-ray crystal structure

analysis, it was shown that the triazole ring hydrogen is located on the nitrogen of the



triazole ring as shown in Figure

N-0 N- N XXIX for the diester crowns and on

N• one of the outside nitrogens in

| I 0 0 the triazole-containing polyether

11 ))I 
crowns as shown in Figure

0 0 0 XXVI.102,104

'~%N..'The triazolo-crowns have been
o 0 271) A-- bnzo0, yield: 711%, mp: used to transport alkali. alkaline

203-5-2P4.50C, ret. 103272) A= cyclohexano, yield: 40%, earth, and transition metal

S, rel.103 cations in the bulk liquid andN Figure XXVIll

N--N emulsion liquid membrane systems.

•H Single ion transport as well as competitive ion transport studies
270) yeled: 7.4%, rap:128-97C, ref. 102 were ca.-ried out. Some triazolo-crowns had a special affinity for

Figure XMvil silver cations. Molecular recognition for the enantiomers of chiral

Table 20. 1,2,4-Triazole Diester Crown Ethers

(Procedure Y, Reference 104) (Figure XXIX) ,N- N

Nuz~br n R mp(C) Yield(%)

273 1 H 140-142.5 16 ( )
274 2 H 132.5-134 19

275 1 CH3 (S,S) 114-116 22

Figure XXIX

amines by the triazolo-crowns having chiral substituents was studied. Thermodynamic studies to

determine acid dissociation constants and cation complex stabilities have also been

performed. 15,95,103-107

14. PROTON-IONIZABLE CROWN ETHERS CONTAINING SULFONAMIDE GROUPS.

Another group of proton-ionizable crown ethers in which the anion is a member of the

macrocyclic ring are the sulfonamido-crowns. The proton on one or both of the sulfonamide

groups of compounds 276-290 (Figure m=, Table 21) can be removed to provide better ligating

sites for metal cations. Sulfonamide crowns 276-290 were obtained by following the general

procedure shown in Procedure BB. 1 0 7 "1 0 9 The starting bfs-(sulfonylchloride) compound was



Table 21. Crown Ethers Containing the Sulfonaaide Group (Procedure BB)
(Figure XXX)

Numbsr n X mp(G6) Yield(%) Raf

276 1 268-271 23 107

277 2 302-305 10 107

278 1 232-234 10 108

279 2 305-306 19 108

280 1 131-133 1 108

281 0 -%o- -:290-293 25 108

282 0 6 -c 'j 253-256 6 108

283 1 230-232 12 109

284 2 " 256-259 17 109

F% Ph

285 1 183-186 8.8 109

286 0 ( m-0 229 70 109

287 0 m - 1 277-279 6 109

288 1 m - 0 183 91 109

289 1 rm - 1 164-165 10 109

290 0 '•or-k 252 72 109



X combined with the appropriate diamine in dichloro-

7N.1
NH HN methane to provide the sulfonsaido-crown. TheI I

t-Bu , SO2 O2St-Bu starting bja-(sulfonylchloride) was obtained by

reacting p-t-butylphenol and the appropriate glycol

dichloride. Addition of chlorosulfonic acid to the

resulting blu-phenol provided the starting material

for the sulfonamido-crowns. 1 0 7

Figure XXX
These ionizable sulfenanido-crown ethers were

Proc;edure B8

t-Bu • __ SO0CI ClO2S t-Bu NH HN

- ~ t-Bu %..2<t<-SO

H2 N-X-NH 2

tested as carriers for tike alkali metal cations in bulk liquid membrane transport systems. X-

ray crystal structure analysis was performed to determine the conformation of thesa carriers.

Also thermodynamic studies were done to determined acid dissociation constants. It was shown

that ionization of both protons is required for cation transpor.-.1 0 7 "1 1 0

15. MISCELLANEOUS PROTON-IONIZABLE CROWN ETHERS.

Proton-ionLzable crown ethers 291-307 did not easily fit into any of the categories

previously discussed so they will be

described here. Crowns 291 and 292 (Figure

XXXI) were synthesized and used in a study

of carbocations, carbanions, and carbenes as

0 H o0 o N ring members in crown ethersi.
11 1 fl-(crown

) OH ether) dyes 293-297 (Figure XXXII) were

00 synthesized with expectations that they

Figure XXXI would show very different complexation

291) yield: 90%, mp: 292) yield: 91%, mp: properties from the corresponding monocyclic
177*C, ref. 112. 173-40C, ref. 112

crown dyes. The bjj-(crown ether) effect:

was not very remarkable.44# 8 0 These crowns



0 0 0 2 0 0 0

N =N Nd il

0 OH 0

O I

(oo0 0) OH0 0 OH

293) n = 0; mp: 15000 (dec); Ref. 30 295) oal; Ref. 80
294) n = 1; mp: 1230C (dec); Re0. 80

N = N S 2 N ( C H ) 2 - 8 -c r o w n -6

Figure XXXII

were synthesized in a similar manner to crowns already discussed. Crown acids 298-304 (Figure

XXXIII, Table 22) containing an intraannular sulfonic acid group were synthesized by ProcedureWusing sulfur dioxide instead of caxben dioxide.87 PICE 305 *(Figure XXXIV) was obtained using

Procedure j.17.19 Thiacruwns 306 and 307 (Figure XXXV. Table 23) were obtained as outlined in

Procedure CC and tested for the extraction of nilver.112



Table 22. Crown Ethers Containing an

Intraannular Sulfonin Acid Group

(Procedure D, Reference 87) (Fig.ure XXXIII)

Number n Mp(*C) Yield(%)

298 0 1OZ-104 5

299 1 101-104 67 C02H

300 2 oil 72•0 S01H 2-

31 3 oil 71 0 SOH0) C12H2~ O Y

o0i l o42 42

303 5 oil 70 305) oil; yield 27%; ref. 17, 19

304 6 oil 74 Figure XXXIII Figure XXXIV

S S
Table 23. Chromogenic Ihiacrown~s (Procedure fC. S

Reference 112) (Figure XXXV)

S S

Number RI R2  R3  mp(*C) Yield(%)

306 H OH H 133-134 51 R,

307 OHl H Cl 133-134 53/
N •R R2 ,I

Figure XXXV

Procedure CC

Ar CSHsCH2 0-0 - N(MgBr)2S SS

6BF3 C2HSSH for 306
S S S S "~

HCI,

or Ar =NO CH3CG 2 9i ~IIi
ClY for 307

NO2  N=N-Ar

or
NH2
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